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2XWSXW0HDVXUHPHQWVRID+LJKO\2YHUPRGHG
:EDQG6RXUFH
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'HSDUWPHQWRI3K\VLFV683$8QLYHUVLW\RI6WUDWKFO\GH*ODVJRZ*1*6FRWODQG8.
DGUSKHOSV#VWUDWKDFXN
Abstract- Use of overmoded interaction structures to obtain 
higher powers from mm-wave vacuum electronic sources is an 
approach that is being used in the research reported here. To 
provide mode selectivity a two dimensional corrugated periodic 
structure is constructed on the inner surface of the conducting 
cylindrical slow wave interaction region that is excited by an 
annular electron beam. This two dimensional structure consists 
of a periodic surface lattice that is designed to facilitate 
coupling of the wave fields to generate a powerful single 
frequency output, even though the ratio of the diameter of the 
structure to the emitted wavelength is ~5.  Recent 
measurements of the output of this mm-wave source are 
presented. 
, ,1752'8&7,21
7ZR GLPHQVLRQDO ' FRUUXJDWHG SHULRGLF VWUXFWXUHV
KDYH IRXQGPDQ\XVHV LQPLFURZDYHDQGPPZDYH VRXUFH
UHVHDUFK7KH\FDQEHXVHGDVPRGHVHOHFWLYH%UDJJPLUURUV
LQ IDVWZDYHGHYLFHV VXFKDV IUHHHOHFWURQ ODVHUV >@'
FRUUXJDWHG SHULRGLF VWUXFWXUHV KDYLQJ D YHU\ VLPLODU
VWUXFWXUDO DSSHDUDQFH FDQ EH XVHG LQ D UDWKHU GLIIHUHQW
SK\VLFDO UROH WR IRUP D VORZZDYH LQWHUDFWLRQ VWUXFWXUH LQ
ZKLFK PRGHVHOHFWLYLW\ LV DJDLQ IHDWXUHGEXW LQ RYHUPRGHG
&KHUHQNRYPLFURZDYHDQGPPZDYHVRXUFHV
$ UHVHDUFK SURMHFW WR H[SORUH PHWKRGV RI LQFUHDVLQJ WKH
SRZHURXWSXWIURPYDFXXPHOHFWURQLFPPZDYHVRXUFHVKDV
EHHQ XQGHUZD\ IRU VRPH WLPH DW WKH 8QLYHUVLW\ RI
6WUDWKFO\GH >@ 2QH SURPLVLQJ DSSURDFK KDV EHHQ WR
LQFUHDVHWKHSRWHQWLDOSRZHURXWSXWE\LQFUHDVLQJWKHFURVV
VHFWLRQ RI WKH LQWHUDFWLRQ VWUXFWXUH LQ ZKLFK WKH HOHFWURQ
EHDP WUDQVIHUV SRZHU WR WKH HOHFWURPDJQHWLF ZDYH ILHOG
7KLV DOORZV D ODUJHU EHDP FXUUHQW WR EH HPSOR\HG ZKLFK
SURYLGHG WKH HIILFLHQF\ FDQ EH PDLQWDLQHG DW UHDVRQDEOH
OHYHOVLPSOLHVJUHDWHUPPZDYHRXWSXWSRZHUVKRXOGUHVXOW
1RUPDOO\ LQFUHDVLQJ WKH FURVVVHFWLRQ RI WKH LQWHUDFWLRQ
VWUXFWXUH OHDGV WR D FRPSOH[ H[FLWDWLRQ RI PXOWLSOH PRGHV
DQG ORZ HIILFLHQF\ RI RSHUDWLRQ 7KHRUHWLFDO DQDO\VLV >@
VKRZV WKDW E\ FDUHIXO GHVLJQ RI D SHULRGLF VXUIDFH ODWWLFH
36/ VLWXDWHG RQ WKH LQQHU VXUIDFH RI WKH F\OLQGULFDO
HOHFWURQ EHDP  ZDYH LQWHUDFWLRQ VWUXFWXUH FDQ UHVXOW LQ D
FRXSOLQJ RI VXUIDFH ZDYHV DQG YROXPH ZDYHV LQ WKH
LQWHUDFWLRQVWUXFWXUHWRSURGXFHDVLQJOHIUHTXHQF\SRZHUIXO
RXWSXWPPZDYH
5HVXOWV RI DQ LQLWLDO H[SHULPHQW KDYH EHHQ SXEOLVKHG >@
DQG WKLV SUHVHQWDWLRQ UHSRUWV VLJQLILFDQW LPSURYHPHQWV WKDW
KDYH EHHQ PDGH GXULQJ WKH SUHVHQW VHFRQG H[SHULPHQWDO
FDPSDLJQ
,, (;3(5,0(17
%\ FRUUXJDWLQJ WKH LQWHUQDO VXUIDFH RI WKH F\OLQGULFDO
LQWHUDFWLRQ UHJLRQ ZLWK D FDUHIXOO\ GHVLJQHG FRVLQXVRLGDO
SHULRGLF FRUUXJDWLRQ ERWK LQ WKH D[LDO GLUHFWLRQ DQG LQ WKH
D]LPXWKDO GLUHFWLRQ WKHRUHWLFDO DQDO\VLV SUHGLFWV D UDUHILHG
RXWSXWPRGHVSHFWUXPFDQEHREWDLQHGHYHQWKRXJKDODUJH
QXPEHURIPRGHVFDQSRWHQWLDOO\EHH[FLWHGLQDF\OLQGULFDO
VWUXFWXUH RI GLDPHWHU ' DW D ZRUNLQJ ZDYHOHQJWK Ȝ ZKHQ
'Ȝ̱DVLQWKHSUHVHQWKLJKO\RYHUPRGHGVWUXFWXUH
$F\OLQGULFDO'36/VWUXFWXUHRIWKHW\SHVKRZQLQ)LJ
FDQEHGHVFULEHGE\HTXDWLRQ 
 (1) 
ZKHUHrLVWKHUDGLXVRIWKHXQSHUWXUEHGZDYHJXLGHǻr LV
WKH DPSOLWXGH RI WKH FRUUXJDWLRQ k] pidz ZKHUH dz LV WKH
SHULRGRIWKHFRUUXJDWLRQDORQJWKHD[LDO]FRRUGLQDWHDQG
mLVWKHQXPEHURID]LPXWKDOYDULDWLRQVRIWKHFRUUXJDWLRQ
7KHVH '36/ VWUXFWXUHV KDYH EHHQ PDQXIDFWXUHG XVLQJ
WZR GLIIHUHQW SURFHVVHV $ IDLUO\ FRQYHQWLRQDO SURFHVV RI
HOHFWURGHSRVLWLRQ RI FRSSHU RQ D FDUHIXOO\ PDFKLQHG
DOXPLQLXPIRUPHUWKDWLVWKHQGLVVROYHGDZD\XVLQJVWURQJ
DONDOL KDVEHHQXVHGVXFFHVVIXOO\DVZHOODVD'SULQWLQJ
PHWKRG>@
,Q WKH LQLWLDO H[SHULPHQW WKH HOHFWURQ EHDP ZDV
JHQHUDWHGIURPDFROGYHOYHWFDWKRGHDVVKRZQLQ)LJD
ZKHUHDVLQWKHSUHVHQWH[SHULPHQWVDQLPSURYHGNQLIHHGJH
DQQXODU JUDSKLWH FDWKRGH DV VKRZQ LQ)LJ E LV XVHG WR
SURGXFH D EHWWHUGHILQHG DQQXODU >@ HOHFWURQ EHDP $Q
D[LDOO\XQLIRUP '& PDJQHW VROHQRLG LV XVHG WR JXLGH WKH
HOHFWURQ EHDP WKURXJK WKH ' F\OLQGULFDO 36/ LQWHUDFWLRQ
VWUXFWXUH
)LJXUH([DPSOHRIKLJKO\RYHUPRGHGF\OLQGULFDOLQWHUDFWLRQVWUXFWXUH
ZLWK'SHULRGLFVXUIDFHODWWLFHRQWKHLQWHUQDOVXUIDFHRIWKHF\OLQGHU
,(((
3URFHHGLQJVRIWKHWK8.(XURSH&KLQD:RUNVKRSRQ0LOOLPHWUH:DYHVDQG
7HUDKHUW]7HFKQRORJLHV8&007+DQJ]KRX&KLQD6HSWHPEHU
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
)LJXUHD9HOYHWFDWKRGHXVHGLQSUHOLPLQDU\H[SHULPHQWEDQQXODU
NQLIHHGJHJUDSKLWHFDWKRGHEHLQJXVHGLQWKHSUHVHQWH[SHULPHQWV

,Q WKH LQLWLDO H[SHULPHQWV WKH RXWSXW IUHTXHQF\ ZDV
HVWLPDWHG E\ PHDVXULQJ WKH PDJQLWXGH RI WKH RXWSXW DIWHU
SDVVLQJ WKHRXWSXW WKURXJKD VHULHVRIFXWRII ILOWHUV ,Q WKH
PRUH UHFHQW H[SHULPHQWV WKH XVH RI D :EDQG ORFDO
RVFLOODWRUDQGPL[HULQDKHWHURG\QHIUHTXHQF\PHDVXUHPHQW
GLDJQRVWLFDOORZVDPRUHSUHFLVHGHWHUPLQDWLRQRIWKHRXWSXW
IUHTXHQF\

,,, 180(5,&$/02'(//,1*
7R FRPSDUH ZLWK WKH ODERUDWRU\ H[SHULPHQWDO
PHDVXUHPHQWV D VHULHV RI FDVHV ZLWK LQLWLDO SDUDPHWHUV
FKRVHQ WR PDWFK WKRVH RI WKH H[SHULPHQW KDYH EHHQ
QXPHULFDOO\ PRGHOOHG XVLQJ WKH &67 VRIWZDUH VXLWH 7KH
SDUDPHWHUVDQGGLPHQVLRQVRIWKH'36/FRQILJXUDWLRQWKH
UDGLDOSRVLWLRQRIWKHDQQXODUHOHFWURQEHDPLWVDFFHOHUDWLQJ
SRWHQWLDO DQG FXUUHQW KDYH EHHQ XVHG DV LQSXWV WR WKH
QXPHULFDOPRGHO7KHUHVXOWVRIWKHPRGHOOLQJVKRZWKDWDV
H[SHFWHG VXFK D KLJKO\ RYHUPRGHG LQWHUDFWLRQ VWUXFWXUH LV
VHQVLWLYHWRUHODWLYHO\VPDOOFKDQJHVLQWKHLQSXWSDUDPHWHUV
+RZHYHURXWSXWV LQ WKH:EDQGIUHTXHQF\UDQJHZLWKRYHU
 HOHFWURQLF HIILFLHQF\ DUH SUHGLFWHG E\ WKH PRGHOOLQJ
ZLWK DSSURSULDWHO\ FKRVHQ YDOXHV RI WKH OHQJWK RI WKH '
36/LQWHUDFWLRQUHJLRQZLWK WKHRSWLPXPVHOHFWHG'36/
SDUDPHWHUV UǻUG]PFRPELQHGZLWK WKHHOHFWURQEHDP
DFFHOHUDWLQJ SRWHQWLDOV DQG FXUUHQWV FRUUHVSRQGLQJ WR WKRVH
LQWKHODERUDWRU\H[SHULPHQW
,9 &21&/86,216
0HDVXUHPHQWV RI WKHRXWSXW IURPDQRYHUPRGHG:EDQG
VORZZDYHVRXUFH WKDWXVHVD'SHULRGLFVXUIDFH ODWWLFH LQ
DQ XSJUDGHG H[SHULPHQW DUH UHSRUWHG &RPSDUHG ZLWK WKH
LQLWLDOH[SHULPHQWWKHSUHVHQWH[SHULPHQWKDVDPRUHQHDUO\
DQQXODUHOHFWURQEHDP WKHJXLGLQJVROHQRLGDO ILHOG LVPRUH
XQLIRUP D[LDOO\ DQG WKH IUHTXHQF\ PHDVXUHPHQW GLDJQRVWLF
HQDEOHV D KLJKHU SUHFLVLRQ WR EH DFKLHYHG 2XWSXW
SUHGLFWLRQV REWDLQHG IURP QXPHULFDO PRGHOOLQJ XVLQJ WKH
&67 VRIWZDUH VXLWH DUH DOVR UHSRUWHG$OWKRXJK WKLV KLJKO\
RYHUPRGHGVRXUFHVKRZVJUHDWHUVHQVLWLYLW\WRYDULDWLRQVLQ
WKHLQSXWSDUDPHWHUVFRPSDUHGZLWKDVRXUFHRSHUDWLQJRQD
ORZRUGHUPRGHLWLVSRVVLEOHWRDFKLHYHVLJQLILFDQWOHYHOVRI
HOHFWURQLFHIILFLHQF\HYHQZKHQ'Ȝa
$&.12:/('*0(17
'DYLG %DUFOD\ LV WKDQNHG IRU KLV VNLOOHG WHFKQLFDO
DVVLVWDQFH ,YDQ .RQRSOHY LV WKDQNHG IRU PDQ\ KHOSIXO
GLVFXVVLRQV$)265SURYLGHGVXSSRUWXQGHUDZDUGQXPEHUV
)$ DQG )$ 7KLV UHVHDUFK
ZDV FDUULHG RXW LQ FROODERUDWLRQ ZLWK WKH )<¶ $)265
7UDQVIRUPDWLRQDO (OHFWURPDJQHWLFV 085, DQG WKH
/HYHUKXOPH 7UXVW 1HWZRUN ³$GYDQFHG 5HVHDUFK RQ
*HQHUDWLRQRI7+]DQG;UD\5DGLDWLRQ´,1
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UHVRQDWRUV´ J. Appl. Phys.YRODUWQR-XO\
>@ 1 6 *LQ]EXUJ 1 <X 3HVNRY $ 6 6HUJHHY HW DO ³7KHRU\ RI
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RQHGLPHQVLRQDO DQG WZRGLPHQVLRQDO %UDJJ UHIOHFWRUV IRU
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